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,URQ /RVV &DOFXODWLRQ &RQVLGHULQJ 7HPSHUDWXUH ,QIOXHQFH LQ
1RQ2ULHQWHG6WHHO/DPLQDWLRQV
6KDRVKHQ;XH:4&KX=4=KX-XQ3HQJ6KX\LQJ*XRDQG-LDQJKXD)HQJ
'HSDUWPHQWRI(OHFWURQLFDQG(OHFWULFDO(QJLQHHULQJ8QLYHUVLW\RI6KHIILHOG0DSSLQ6WUHHW
6KHIILHOG8.
&65=KX]KRX,QVWLWXWH&R/WG6KLGDL5RDG6KLIHQJ'LVWULFW=KX]KRX+XQDQ&KLQD
V[XH#VKHIILHOGDFXN
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
$EVWUDFW,QWKLVSDSHUWKHWHPSHUDWXUHLQIOXHQFHRQLURQORVVRIQRQRULHQWHGVWHHOODPLQDWLRQVLV
LQYHVWLJDWHG7KHLURQORVVYDULDWLRQXQGHUGLIIHUHQWIOX[GHQVLWLHVIUHTXHQFLHVDQGWHPSHUDWXUHVLV
V\VWHPDWLFDOO\PHDVXUHGDQGDQDO\VHGE\WHVWLQJWZRW\SLFDOQRQRULHQWHGVWHHOODPLQDWLRQV9$DQG
9$7KHLURQORVVYDULDWLRQZLWKWHPSHUDWXUHLVDOPRVWOLQHDULQWKHW\SLFDORSHUDWLQJWHPSHUDWXUH
UDQJHRIHOHFWULFDOPDFKLQHV)XUWKHUPRUHWKHYDU\LQJUDWHRILURQORVVZLWKWHPSHUDWXUHYDULHVZLWKIOX[
GHQVLW\DQGIUHTXHQF\$FRHIILFLHQWZKLFKFDQIXOO\FRQVLGHUWKHWHPSHUDWXUHLQIOXHQFHLVLQWURGXFHGWRWKH
H[LVWLQJLURQORVVPRGHOWRLPSURYHWKHLURQORVVSUHGLFWLRQDFFXUDF\7KHSUHGLFWHGDQGPHDVXUHGUHVXOWV
VKRZWKDWWKHWHPSHUDWXUHLQIOXHQFHRQWKHLURQORVVFDQEHHIIHFWLYHO\FRQVLGHUHGE\XWLOL]LQJWKHLPSURYHG
PRGHOLHWKHSUHGLFWLRQDFFXUDF\RIWKHLPSURYHGLURQORVVPRGHOUHPDLQVFRQVWDQWHYHQZKHQWKH
WHPSHUDWXUHYDULHVVLJQLILFDQWO\$SRWHQWLDOVLPSOLILFDWLRQRIWKLVLPSURYHGPRGHOLVDOVRGLVFXVVHGLQWKLV
SDSHU
,QWURGXFWLRQ
,QHOHFWULFDOPDFKLQHVLURQORVVLVRQHRIWKHPDMRUORVVHVDQGLWVDFFXUDWHSUHGLFWLRQLVHVVHQWLDOIRUWKH
HYDOXDWLRQ RI HIILFLHQF\ WHPSHUDWXUH GLVWULEXWLRQ FRROLQJ UHTXLUHPHQWV DQG 30 GHPDJQHWL]DWLRQ HWF
+RZHYHULURQORVVLVRQHRIWKHPRVWGLIILFXOWORVVHVWRSUHGLFWDFFXUDWHO\LQHOHFWULFDOPDFKLQHV
7KHILUVWH[SUHVVLRQIRUWKHLURQORVVLQIHUURPDJQHWLFPDWHULDOVZDVGHYHORSHGE\6WHLQPHW]>@ZKHUHWKH
LURQORVVLVDVXPRIK\VWHUHVLVORVVDQGHGG\FXUUHQWORVV,Q>@DWKLUGWHUPLQWKHLURQORVVH[SUHVVLRQLV
LQWURGXFHGE\3U\DQG%HDQ7KHLURQORVVLVVHSDUDWHGLQWRK\VWHUHVLVORVVFODVVLFDOORVVDQGH[FHVVORVV%\
LPSURYLQJWKHPRGHOOLQJRIWKHH[FHVVORVVDQHZLURQORVVPRGHOLVSURSRVHGE\%HUWRWWLHWDOLQ>@DQG>@
6LQFHWKH%HUWRWWLPRGHOKDVJRRGWKHRUHWLFDOEDFNJURXQGLWKDVHYROYHGLQWRPDQ\GLIIHUHQWIRUPVDQGLV
ZLGHO\XVHG IRU LURQ ORVVSUHGLFWLRQV >@>@+RZHYHU LW LV FRQFOXGHG LQ >@ WKDW WKHFRQWULEXWLRQVRI
FODVVLFDOORVVDQGH[FHVVORVVFDQQRWEHVHSDUDWHGE\DQ(SVWHLQIUDPHRUDULQJVSHFLPHQWHVW$OWHUQDWLYHO\
D QHZ WZRWHUP DSSURDFK LV GHYHORSHG LQ >@ ZKHUH WKH FODVVLFDO ORVV DQG H[FHVV ORVV LQ %HUWRWWL¶V
WKUHHWHUP PRGHO DUH FRPELQHG LQWR D JOREDO HGG\ FXUUHQW ORVV 6LQFH WKLV WZRWHUP PRGHO LV HDV\ WR
LPSOHPHQWDQGKDVDUHDVRQDEOHDFFXUDF\LWLVZLGHO\XVHGLQHOHFWULFDOPDFKLQHGHVLJQDQGRSWLPL]DWLRQ
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>@>@$OO WKH LURQ ORVVPRGHOV LQ >@>@DUHEDVHGRQFRQVWDQW FRHIILFLHQWV+RZHYHU WKH LURQ ORVV
FRHIILFLHQWVFKDQJHZLWKWKHIOX[GHQVLW\DQGWKHIUHTXHQF\>@7KHUHIRUHLQ>@DQG>@LURQORVVPRGHOV
FRQWDLQLQJYDULDEOHK\VWHUHVLVDQGHGG\FXUUHQWORVVFRHIILFLHQWVDUHGHYHORSHG7KHVHPRGHOVDUHXVHGIRUWKH
LURQORVVSUHGLFWLRQVLQ>@>@DQG>@
,WVKRXOGEHQRWHGWKDWQRQHRIWKHLURQORVVPRGHOVLQ>@>@FRQVLGHUWKHLQIOXHQFHRIWHPSHUDWXUHRQWKH
LURQORVV7KHLURQORVVLVSUHGLFWHGEDVHGRQWKHPHDVXUHGLURQORVVFXUYHVJHQHUDOO\DWURRPWHPSHUDWXUHV
EHWZHHQ&DQG&+RZHYHUWKHDFWXDOWHPSHUDWXUHVLQVWDWRUDQGURWRUFRUHVYDU\VLJQLILFDQWO\DQG
FRXOGUHDFK&RUHYHQKLJKHU>@0RUHLPSRUWDQWO\WKHLURQORVVFDQEHVLJQLILFDQWO\LQIOXHQFHGE\WKH
WHPSHUDWXUH,Q>@DQG>@WKHWHPSHUDWXUHLQIOXHQFHRQWKHLURQORVVRIIHUULWHFRUHVIRUSRZHUHOHFWURQLF
DSSOLFDWLRQVLVLQYHVWLJDWHGDQGPRGHOOHG)RUHOHFWULFDOPDFKLQHDSSOLFDWLRQVWKHWHPSHUDWXUHLQIOXHQFHRQ
WKH LQLWLDO PDJQHWL]LQJ FXUYH WKH %+ K\VWHUHVLV ORRSV DQG WKH WRWDO LURQ ORVV RI 1L)H ODPLQDWLRQV DUH
H[SHULPHQWDOO\LQYHVWLJDWHGLQ>@+RZHYHURQO\WKHWHPSHUDWXUHLQIOXHQFHRQWKHPDJQHWL]LQJFXUYHDQG
WRUTXHSHUIRUPDQFHLVFRQVLGHUHGLQWKHILQLWHHOHPHQW)(VLPXODWLRQV,Q>@WKHWHPSHUDWXUHGHSHQGHQF\
RQLURQORVVRIRULHQWHGVLOLFRQVWHHOVDUHH[SHULPHQWDOO\FRQILUPHG,Q>@LWLVH[SHULPHQWDOO\YHULILHGWKDW
WKH VDWXUDWLRQ IOX[ GHQVLW\ SHUPHDELOLW\ DQG LURQ ORVV RI $ 6L)H ODPLQDWLRQV FDQ EH VLJQLILFDQWO\
LQIOXHQFHGE\WKHWHPSHUDWXUH+RZHYHUQRIXUWKHUDQDO\VHVDQGPRGHOVDUHSUHVHQWHGLQ>@RU>@,Q
>@WKHWHPSHUDWXUHLQIOXHQFHRQWKHUHVLVWLYLW\RIVWHHOODPLQDWLRQVLVFRQVLGHUHGWKHWHPSHUDWXUHLQIOXHQFH
RQ HGG\ FXUUHQW ORVV LV WKHQ PRGHOHG E\ LQWURGXFLQJ D WHPSHUDWXUH GHSHQGHQW UHVLVWLYLW\ +RZHYHU WKH
WHPSHUDWXUHLQIOXHQFHRQK\VWHUHVLVORVVLVQRWWDNHQLQWRDFFRXQWZKLOHDVFRQILUPHGH[SHULPHQWDOO\LQ>@
DQG>@WKHK\VWHUHVLVORVVFDQEHVLJQLILFDQWO\LQIOXHQFHGE\WHPSHUDWXUH7KHUHIRUHWKHPRGHOSUHVHQWHGLQ
>@LVQRWYHU\DFFXUDWHHVSHFLDOO\FRQVLGHULQJWKHKLJKIOX[GHQVLW\OHDGLQJWRDPRUHVLJQLILFDQWYDULDWLRQ
RIK\VWHUHVLVORVVZLWKDQLQFUHDVHLQWHPSHUDWXUH
7KHDLPRIWKLVSDSHULVWRGHYHORSDQLURQORVVPRGHOZKLFKFRQVLGHUVWKHWHPSHUDWXUHLQIOXHQFHRQERWK
K\VWHUHVLVORVVDQGHGG\FXUUHQWORVVDVZHOODVHQVXULQJDJRRGDFFXUDF\ZKLOHNHHSLQJWKHPRGHOVLPSOHDQG
SUDFWLFDO,QWKLVSDSHUWKHLURQORVVYDULDWLRQVRIQRQRULHQWHG6L)HVWHHOODPLQDWLRQVZLWKWKHIOX[GHQVLW\
IUHTXHQF\DQGWHPSHUDWXUHDUHV\VWHPDWLFDOO\PHDVXUHG,QRUGHUWRREWDLQJHQHUDOFRQFOXVLRQVWZRW\SLFDO
QRQRULHQWHG 6L)H VWHHO ODPLQDWLRQV LH PP WKLFN 9$ DQG PP WKLFN 9$ DUH
LQYHVWLJDWHG7KHSURSHUWLHVRI9$DQG9$DUHVKRZQLQ7DEOH7KLVSDSHULVRUJDQL]HGDV
IROORZV,Q6HFWLRQWKHLURQORVVPHDVXULQJPHWKRGDQGWHVWULJDUHSUHVHQWHG,Q6HFWLRQWKHPHDVXUHG
LURQORVVDWGLIIHUHQWIOX[GHQVLWLHVIUHTXHQFLHVDQGWHPSHUDWXUHVLVV\VWHPDWLFDOO\DQDO\]HG,Q6HFWLRQWKH
SUHGLFWHGUHVXOWVRIH[LVWLQJLURQORVVPRGHOVDUHFRPSDUHGZLWKWKHPHDVXUHGUHVXOWV$QLPSURYHGLURQORVV
PRGHOFRQVLGHULQJWKHLQIOXHQFHRIWHPSHUDWXUHRQERWKK\VWHUHVLVDQGHGG\FXUUHQWORVVHVLVGHYHORSHGLQ
6HFWLRQ,Q6HFWLRQLQRUGHUWRHYDOXDWHWKHHIIHFWLYHQHVVRIWKHLPSURYHGLURQORVVPRGHOWKHSUHGLFWLRQ
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
DFFXUDFLHV RI H[LVWLQJ DQG LPSURYHG LURQ ORVV PRGHOV DUH FRPSDUHG $ SRWHQWLDO VLPSOLILFDWLRQ RI WKH
LPSURYHGPRGHOLVGLVFXVVHGLQ6HFWLRQ
7DEOH3URSHUWLHVRI9$DQG9$
 9$ 9$
6LOLFRQFRQWHQW  
5HVLVWLYLW\& îȍP îȍP
5HVLVWLYLW\& îȍP îȍP
,URQ/RVV0HDVXUHPHQW
7KHUHDUHPDQ\PHWKRGVWRPHDVXUHLURQORVVLQVWHHOODPLQDWLRQVVXFKDVWKH(SVWHLQIUDPHWHVW>@WKH
ULQJVSHFLPHQWHVW>@DQGWKHVLQJOHVWULSWHVW>@>@&RPSDULVRQVEHWZHHQWKHVHLURQORVVPHDVXULQJ
PHWKRGVDUHFDUULHGRXWLQ>@>@>@DQG>@7KHULQJVSHFLPHQWHVWLQYROYHVDVLPLODUSULQFLSOHWRWKH
(SVWHLQIUDPHWHVWEXWLVPXFKHDVLHUWRLPSOHPHQW+HQFHWKHULQJVSHFLPHQWHVWKDVEHHQZLGHO\XVHG>@
>@ >@ >@ ,Q WKLV SDSHU DOO RI WKH LURQ ORVV UHVXOWV XQGHU GLIIHUHQW IOX[ GHQVLWLHV IUHTXHQFLHV DQG
WHPSHUDWXUHVDUHPHDVXUHGE\WKHULQJVSHFLPHQWHVW7KHPHDVXULQJV\VWHPLVVKRZQLQ)LJ
7KHULQJVSHFLPHQLVPDGHRIWKHODPLQDWLRQVWREHPHDVXUHGZKLFKLVWKHQZRXQGZLWKWZRFRLOVLHWKH
H[FLWDWLRQ DQG PHDVXULQJ FRLOV 7KH H[FLWDWLRQ FRLO LV FRQQHFWHG WR WKH SRZHU VRXUFH WR SURGXFH WKH
GHVLJQDWHGIOX[GHQVLW\ZDYHIRUPVLQWKHVSHFLPHQ,QRUGHUWRH[FOXGHWKHLQIOXHQFHRIFRSSHUORVVHVGXHWR
WKHLQWHUQDOUHVLVWDQFHRIWKHSRZHUVRXUFHDQGWKHUHVLVWDQFHRIWKHH[FLWDWLRQFRLODQRSHQFLUFXLWPHDVXULQJ
FRLOLVWLJKWO\ZRXQGWRJHWKHUZLWKWKHH[FLWDWLRQFRLO)XUWKHUPRUHWKHQXPEHURIWXUQVIRUWKHH[FLWDWLRQDQG
PHDVXULQJ FRLOV LV FKRVHQ WR EH WKH VDPH 7KXV WKH LQVWDQWDQHRXV FXUUHQW RI WKH H[FLWDWLRQ FRLO DQG WKH
LQVWDQWDQHRXVYROWDJHRIWKHPHDVXULQJFRLODUHPHDVXUHGDQGUHFRUGHGRQWKHRVFLOORVFRSHVLPXOWDQHRXVO\
7KHILHOGVWUHQJWK+WLURQORVV3)HDQGLURQORVVGHQVLW\S)HFDQEHFDOFXODWHGDVܪሺݐሻ ൌ ܰ݅ሺݐሻȀ݈ୣ୤୤ 
୊ܲୣ ൌ න ݅ሺݐሻݑሺݐሻ݀ݐ்଴ ܶ൘  ݌୊ୣ ൌ ୊ܲୣ ሺߩܸሻ ?  
ZKHUH1 LV WKHQXPEHURI WXUQVRI WKHH[FLWDWLRQDQGPHDVXULQJFRLOV LW LV WKHLQVWDQWDQHRXVFXUUHQWRI
H[FLWDWLRQ FRLO XW LV WKH LQVWDQWDQHRXV YROWDJH RI PHDVXULQJ FRLO OHII LV WKHHIIHFWLYH OHQJWK RI WKH ULQJ
VSHFLPHQ7LVWKHWLPHSHULRGRIWKHFXUUHQWDQGYROWDJHȡDQG9DUHWKHPDVVGHQVLW\DQGWKHYROXPHRIWKH
VSHFLPHQUHVSHFWLYHO\
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
6LQFHWKHPDJQHWLFSHUPHDELOLW\RIWKHODPLQDWLRQLVPXFKKLJKHUWKDQWKHSHUPHDELOLW\RIDLUWKHIOX[
OHDNDJHLVQHJOLJLEOH$OVRWKHIOX[GHQVLW\FDQEHWUHDWHGDVHYHQO\GLVWULEXWHGLQWKHVSHFLPHQVLQFHWKH
VSHFLPHQ KDV D PXFK ELJJHU DYHUDJH UDGLXV WKDQ UDGLDO WKLFNQHVV ,Q RUGHU WR VXSSRUW WKLV WKH ILHOG
GLVWULEXWLRQ ZKHQ WKH DYHUDJH IOX[ GHQVLW\ LQ WKH ULQJ LV 7 LV VLPXODWHG E\ QRQOLQHDU ILQLWH HOHPHQW
DQDO\VLVDVVKRZQLQ)LJ,WLVVKRZQWKDWWKHGLIIHUHQFHEHWZHHQWKHPD[LPXPDQGPLQLPXPIOX[GHQVLWLHV
LQWKHULQJLVRIWKHDYHUDJHIOX[GHQVLW\,QWKLVFDVHWKHIOX[GHQVLW\%WLQWKHODPLQDWLRQFDQEH
REWDLQHGDV ܤሺݐሻ ൌ න ݑሺݐሻ݀ݐ ܰܣൗ  
ZKHUH$LVWKHHIIHFWLYHFURVVVHFWLRQDODUHDRIWKHULQJVSHFLPHQ
,QDFWXDOWHVWULJVWKHULQJVSHFLPHQLVPDGHRIZLUHFXWQRQRULHQWHG6L)HVWHHOODPLQDWLRQV,QRUGHUWR
UHIOHFWWKHJHQHUDOLQIOXHQFHRIWHPSHUDWXUHRQWKHLURQORVVWZRW\SLFDOQRQRULHQWHG6L)HVWHHOODPLQDWLRQV
LHPPWKLFN9$DQGPPWKLFN9$DUHLQYHVWLJDWHGPPDQGPPDUHWKHPRVW
ZLGHO\ XVHG QRQRULHQWHG 6L)H VWHHO ODPLQDWLRQ WKLFNQHVVHV IRU HOHFWULFDO PDFKLQH DSSOLFDWLRQV 7KH
H[FLWDWLRQFRLOLVPDGHRI/LW]ZLUHZLWKDUHODWLYHO\ODUJHWRWDOFRQGXFWRUFURVVVHFWLRQ7KHUHVLVWDQFHRIWKH
H[FLWDWLRQFRLOLVȍ'XHWRQHJOLJLEOHYROWDJHRQWKHUHVLVWDQFHWKHIOX[GHQVLW\LQWKHULQJVSHFLPHQDQG
WKH LQGXFHG YROWDJH IURP WKH PHDVXULQJ FRLO DUH VLQXVRLGDO HYHQ ZKHQ WKH H[FLWDWLRQ FXUUHQW LV
QRQVLQXVRLGDO7KLVFDQEHVHHQLQ)LJHVSHFLDOO\VRZKHQWKHIOX[GHQVLW\LVKLJKGXHWRWKHQDWXUHRI
QRQOLQHDUVRIWPDJQHWLFPDWHULDOV7KHH[FLWDWLRQFRLOLVSRZHUHGE\D&DOLIRUQLD,QVWUXPHQWL/SRZHU
VXSSO\ZKRVHPD[LPXPRXWSXWYROWDJHDQGFXUUHQWLV9$506ZLWKDQRXWSXWIUHTXHQF\UDQJHRI
EHWZHHQ+]DQGN+]7KHGLPHQVLRQVRIWKHULQJVSHFLPHQDQGWKHFRLOQXPEHURIWXUQVDUHVSHFLDOO\
GHVLJQHGDQGJLYHQLQ7DEOHLQRUGHUWRFRYHUWKHIOX[GHQVLW\DQGIUHTXHQF\UDQJHVVSHFLILHGLQ7DEOH
,QRUGHU WR LQYHVWLJDWH WKH LQIOXHQFHRI WHPSHUDWXUHRQ WKH LURQ ORVV ILUVWO\ D .W\SH WKHUPRFRXSOH LV
LQVWDOOHGRQWKHULQJVSHFLPHQWRPHDVXUHWKHWHPSHUDWXUH6HFRQGO\WKHLURQORVVLVXWLOL]HGWRKHDWXSWKH
ULQJVSHFLPHQWRDQ\GHVLJQDWHGWHPSHUDWXUHKLJKHUWKDQWKHURRPWHPSHUDWXUH,WVKRXOGEHQRWHGWKDWWKH
HOHFWURPDJQHWLFWLPHFRQVWDQWLVPXFKVPDOOHUWKDQWKHWKHUPDOWLPHFRQVWDQWIRUWKLVV\VWHP,WRQO\WDNHVD
IHZVHFRQGVWRVWDELOL]HWKHYROWDJHDQGFXUUHQWDQGUHFRUGWKHVHRQWKHRVFLOORVFRSH'XULQJWKLVSHULRGWKH
FKDQJHRIWHPSHUDWXUHLVVRVPDOOWKDWLWFDQEHQHJOHFWHG7KXVLURQORVVXQGHUGLIIHUHQWWHPSHUDWXUHVFDQEH
REWDLQHG7KLVPHWKRGLVDOVRXVHGLQ>@6LQFHWKHURRPWHPSHUDWXUHYDULHVDQGWKHODPLQDWLRQWHPSHUDWXUH
LVPXFKHDVLHUWREHPDLQWDLQHGFRQVWDQWZKHQLWLVKLJKHUWKDQWKHURRPWHPSHUDWXUHEDVHGRQWKHWHVWULJWKH
ORZHVWODPLQDWLRQWHPSHUDWXUHLVFKRVHQWREH&LQWKLVSDSHU)XUWKHUPRUHWHVWVZHUHUHSHDWHGVHYHUDO
WLPHVDWHDFKWHVWFRQGLWLRQWRUHGXFHDQ\HUURU
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%DVHGRQWKHPHWKRGGHVFULEHGLQ6HFWLRQDQGWKHWHVWULJVKRZQLQ)LJWKHLURQORVVXQGHUGLIIHUHQW
IOX[GHQVLWLHVIUHTXHQFLHVDQGWHPSHUDWXUHVLVPHDVXUHG,QRUGHUWRLOOXVWUDWHWKHLURQORVVYDULDWLRQPRUH
FOHDUO\ WKH LQYHVWLJDWLRQ LQ WKLV VHFWLRQ LV FDUULHGRXW LQ WZR VWHSV7KH LURQ ORVVYDULDWLRQZLWK WKH IOX[
GHQVLW\DQGWKHIUHTXHQF\DWFRQVWDQWODPLQDWLRQWHPSHUDWXUHLVDQDO\]HGILUVW7KHLQIOXHQFHRIWHPSHUDWXUH
RQWKHLURQORVVLVWKHQLQYHVWLJDWHGVHSDUDWHO\
 ,URQORVVYDULDWLRQXQGHUFRQVWDQWODPLQDWLRQWHPSHUDWXUH
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E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WKH LURQ ORVV YDULHV ZLWK WKH IUHTXHQF\ DQG IOX[ GHQVLW\ LQ DQ LGHQWLFDO SDWWHUQ ZKHQ WKH ODPLQDWLRQ
WHPSHUDWXUHLV&DQG&7KHLURQORVVLQFUHDVHVVLJQLILFDQWO\ZKHQHLWKHUWKHIUHTXHQF\RUWKHIOX[
GHQVLW\LVKLJKHU7KLVYDULDWLRQSDWWHUQKDVEHHQZLGHO\UHSRUWHGLQ>@>@>@DQG>@DVZHOODVPRGHOOHG
LQ>@DQG>@+RZHYHUWKHYDOXHVRILURQORVVDW&DQG&DUHGLIIHUHQWDWWKHVDPHIOX[GHQVLW\DQG
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DLVWKHLURQ
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ODPLQDWLRQWHPSHUDWXUHFKDQJHIURP&WR&,WFDQEHVHHQWKDWWKHLURQORVVLQERWK9$DQG
9$ODPLQDWLRQVYDULHVZKHQWKHWHPSHUDWXUHULVHVDFURVVWKHZKROHWHVWUDQJH7KLVLVFDXVHGE\WKH
IDFWWKDWWKHK\VWHUHVLVORVVDQGHGG\FXUUHQWORVVDUHGRPLQDWHGE\WKHSHUPHDELOLW\DQGUHVLVWLYLW\ZKLFKDUH
LQIOXHQFHG E\ WHPSHUDWXUH VLJQLILFDQWO\ )XUWKHUPRUH WKH LURQ ORVV YDULHV DOPRVW OLQHDUO\ ZLWK WKH
WHPSHUDWXUH ULVH 7KLV LV GXH WR WKH IDFW WKDW WKH SHUPHDELOLW\ DQG FRQGXFWLYLW\ RI QRQRULHQWHG VWHHO
ODPLQDWLRQVYDU\OLQHDUO\EHWZHHQURRPWHPSHUDWXUHDQG&ZKLFKKDVEHHQH[SHULPHQWDOO\FRQILUPHGLQ
>@7KLVOLQHDUWHPSHUDWXUHGHSHQGHQF\RILURQORVVLQRWKHUW\SHVRIVWHHOODPLQDWLRQVLVDOVRUHSRUWHGLQ
>@,WVKRXOGEHQRWHGWKDWWKHWHPSHUDWXUHGHSHQGHQF\RILURQORVVZLOOEHQRQOLQHDUZKHQWKHWHPSHUDWXUH
LV!&>@+RZHYHUHOHFWULFDOPDFKLQHVIURPQRUPDOLQGXVWULDODQGGRPHVWLFDSSOLFDWLRQVW\SLFDOO\
RSHUDWHZLWKDPD[LPXPWHPSHUDWXUHRI&>@7KHUHIRUHWKHWHPSHUDWXUHGHSHQGHQF\RILURQORVV
FDQEHFRQVLGHUHGDVOLQHDUIRUWKLVWHPSHUDWXUHUDQJHZKLFKLVPXFKVLPSOHUEXWKDVDEHWWHUDFFXUDF\$V
VKRZQLQ)LJWKHLURQORVVYDULHVZLWKWHPSHUDWXUHZLWKWKHDPRXQWRIYDULDWLRQFRUUHVSRQGLQJWRGLIIHUHQW
IUHTXHQFLHVDQGIOX[GHQVLWLHV7DNLQJWKHWHVWUHVXOWVRI WKH9$ODPLQDWLRQIRU LQVWDQFHZKHQWKH
WHPSHUDWXUHLQFUHDVHVIURP&WR&WKHLURQORVVDW7DQG+]UHGXFHVE\!ZKLOHWKH
LURQORVVDW7DQG+]GHFUHDVHVE\7KLVYDULDWLRQLQWKHFKDQJHRILURQORVVZLWKWHPSHUDWXUHDW
GLIIHUHQWIUHTXHQFLHVDQGIOX[GHQVLWLHVZLOOEHLQYHVWLJDWHGIXUWKHULQ6HFWLRQ
 D E
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 ,URQ/RVV3UHGLFWLRQE\([LVWLQJ,URQ/RVV0RGHOV
,QWKLVVHFWLRQWKHDFFXUDF\RIH[LVWLQJLURQORVVPRGHOVLVHYDOXDWHGZLWKDQGZLWKRXWFRQVLGHULQJWKH
WHPSHUDWXUHLQIOXHQFH7KHGLIIHUHQFHVEHWZHHQH[LVWLQJLURQORVVPRGHOVDUHDOVRKLJKOLJKWHG
$FFRUGLQJ WR WKH UHYLHZRI H[LVWLQJ LURQ ORVV PRGHOV LQ WKH LQWURGXFWLRQ VHFWLRQ WKH LURQ ORVV PRGHOV
GHYHORSHGLQ>@DQG>@DUHWZRRIWKHODWHVWDQGPRVWZLGHO\XVHGPRGHOVZKHQWKHPDJQHWLFILHOGLV
DOWHUQDWLQJ VLQXVRLGDOO\ +HQFH WKH\ DUH VHOHFWHG IRU WKH LURQ ORVV SUHGLFWLRQV LQ WKLV VHFWLRQ 7KH PRVW
DFFXUDWHPRGHOZLOOEHVHOHFWHGIRUIXUWKHULQYHVWLJDWLRQ
,WVKRXOGEHQRWHGWKDWWKHLQIOXHQFHRIWHPSHUDWXUHRQWKHLURQORVVLVQRWFRQVLGHUHGLQWKHVHLURQORVV
PRGHOV7KHUHIRUHWKHFRHIILFLHQWVRIWKHVHLURQORVVPRGHOVDUHFDOFXODWHGEDVHGRQWKHPHDVXUHGLURQORVV
UHVXOWV DW D FRQVWDQW WHPSHUDWXUH 7KLV WHPSHUDWXUH LV FKRVHQ WR EH & LQ WKLV SDSHU VLQFH WKH URRP
WHPSHUDWXUHYDULHVDQGWKHODPLQDWLRQWHPSHUDWXUHLVPXFKHDVLHUWRPDLQWDLQZKHQLWLVKLJKHUWKDQWKHURRP
WHPSHUDWXUH
7KHLURQORVVPRGHOZLWKFRQVWDQWFRHIILFLHQWVLQWURGXFHGLQ>@LVUHIHUUHGWRDV0RGHOLQWKLVSDSHUDQG
FDQEHH[SUHVVDV ݌୊ୣ ൌ ݇୦݂ܤ୫ଶ ൅ ݇ୣ݂ଶܤ୫ଶ  
ZKHUHS)HLVLURQORVVGHQVLW\ILVWKHIUHTXHQF\%PLVWKHSHDNYDOXHRIDOWHUQDWLQJIOX[GHQVLW\NKDQGNHDUH
WKHK\VWHUHVLVORVVDQGHGG\FXUUHQWORVVFRHIILFLHQWVUHVSHFWLYHO\
7KHLURQORVVPRGHOZLWKYDULDEOHFRHIILFLHQWVLQWURGXFHGLQ>@LVUHIHUUHGWRDV0RGHOLQWKLVSDSHUDQG
FDQEHH[SUHVVDV ݌୊ୣ ൌ ݇୦ሺ݂ǡ ܤ୫ሻ݂ܤ୫ଶ ൅ ݇ୣሺ݂ǡ ܤ୫ሻ݂ଶܤ୫ଶ  
ZKHUH݇୦ሺ݂ǡ ܤ୫ሻDQG݇ୣሺ݂ǡ ܤ୫ሻDUHYDULDEOHK\VWHUHVLVORVVDQGHGG\FXUUHQWORVVFRHIILFLHQWVUHVSHFWLYHO\
)LJ  VKRZV D FRPSDULVRQ RI WKH SUHGLFWHG LURQ ORVV DQG WKH PHDVXUHG LURQ ORVV LQ 9$ DQG
9$ODPLQDWLRQVDWGLIIHUHQWIOX[GHQVLWLHVDQGODPLQDWLRQWHPSHUDWXUHV6LQFHWKHVHH[LVWLQJLURQORVV
PRGHOVGRQRWFRQVLGHUWKHLQIOXHQFHRIWHPSHUDWXUHWKHLURQORVVLVSUHGLFWHGEDVHGXSRQWKHFRHIILFLHQWV
REWDLQHGDWWKHVSHFLILFWHPSHUDWXUHZKLFKLV&LQWKLVSDSHU,WFDQEHVHHQWKDWZKHQWKHWHPSHUDWXUHLV
FRQVWDQWDW&EHWWHUDFFXUDF\FDQEHDFKLHYHGLQERWK9$DQG9$ODPLQDWLRQVE\XWLOL]LQJ
0RGHOZLWKWKHKHOSRIYDULDEOHFRHIILFLHQWV7KHUHIRUHIXUWKHULQYHVWLJDWLRQRQWKHWHPSHUDWXUHLQIOXHQFH
RQLURQORVVZLOOEHEDVHGRQWKHLURQORVV0RGHOLQWKLVSDSHU+RZHYHULWLVVKRZQLQ)LJWKDWZKHQWKH
WHPSHUDWXUHLQFUHDVHVIURP&WR&WKHLURQORVVFRXOGYDU\VLJQLILFDQWO\7KHSUHGLFWHGLURQORVVE\
0RGHO FDQQRW UHIOHFW WKLV YDULDWLRQ DQG UHPDLQ XQFKDQJHG ZKHQ WKH WHPSHUDWXUH FKDQJHV +HQFH WKH
SUHGLFWLRQDFFXUDF\RI0RGHOYDULHVVLJQLILFDQWO\ZLWKWKHWHPSHUDWXUH
7KLVXQVWDEOHSUHGLFWLRQDFFXUDF\ZKLFKZLOOEHPRUHFOHDUO\LOOXVWUDWHGODWHULQWKLVSDSHUPD\PLVOHDG
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WKHLQYHVWLJDWLRQDQGUHVXOW LQWKHZURQJFRQFOXVLRQV7KHUHIRUH WKHLURQORVVPRGHOZKLFKFRQVLGHUV WKH
LQIOXHQFHRIWHPSHUDWXUHRQWKHLURQORVVLVGHVLUDEOH
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)LJ0HDVXUHGLURQORVVDWGLIIHUHQWWHPSHUDWXUHVDQGSUHGLFWHGLURQORVVE\XVLQJH[LVWLQJPRGHOV
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,URQ/RVV&DOFXODWLRQ&RQVLGHULQJ7HPSHUDWXUH,QIOXHQFH
$VLOOXVWUDWHGLQ6HFWLRQWKHLURQORVVFDQEHLQIOXHQFHGE\WHPSHUDWXUHVLJQLILFDQWO\7KLVLVFDXVHGE\
WKH WHPSHUDWXUHGHSHQGHQF\RIHGG\FXUUHQW ORVVDQGK\VWHUHVLV ORVV2QRQHKDQG WKHHGG\FXUUHQW ORVV
GHSHQGVRQWKHUHVLVWLYLW\ZKLFKKDVDQDSSUR[LPDWHOLQHDUGHSHQGHQF\ZLWKWHPSHUDWXUH2QWKHRWKHUKDQG
DVVKRZQLQ>@DQG>@ WKHSHUPHDELOLW\RIQRQRULHQWHGVWHHO ODPLQDWLRQVIOXFWXDWHVZLWKWHPSHUDWXUH
GUDPDWLFDOO\ZKLFKPHDQVWKHK\VWHUHVLVORVVLVDOVRVLJQLILFDQWO\LQIOXHQFHGE\WHPSHUDWXUH,WLVLPSRUWDQW
WRWDNHWHPSHUDWXUHGHSHQGHQF\RIERWKWKHHGG\FXUUHQWDQGK\VWHUHVLVORVVHV+RZHYHUWKHPRGHOOLQJRI
WHPSHUDWXUHGHSHQGHQF\RI WKHK\VWHUHVLV ORVV LV VRFRPSOLFDWHG WKDWZRXOGPDNH WKHPRGHO LPSUDFWLFDO
7KHUHIRUHLQWKLVVHFWLRQWKHLURQORVVPRGHOZKLFKFDQFRQVLGHUWKHWHPSHUDWXUHGHSHQGHQF\RIHGG\FXUUHQW
ORVVZKLOHQHJOHFWLQJWKDWRIK\VWHUHVLV ORVV LV LQWURGXFHGDWILUVW6HFRQGO\DQ LPSURYHGLURQORVVPRGHO
ZKLFKWDNHVWKHWHPSHUDWXUHGHSHQGHQFLHVRIERWKHGG\FXUUHQWORVVDQGK\VWHUHVLV ORVV LVSUHVHQWHG7KLV
LPSURYHG LURQ ORVV PRGHO LV DOVR YHU\ HDV\ WR LPSOHPHQW 7KH SUHGLFWHG DQG PHDVXUHG UHVXOWV DUH DOVR
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
REWDLQHGDQGGLVFXVVHGLQWKLVVHFWLRQ
,URQORVVSUHGLFWLRQFRQVLGHULQJWHPSHUDWXUHFRHIILFLHQWRIUHVLVWLYLW\0RGHO7&5
$VSUHVHQWHGLQ>@LQRUGHUWRWDNHWKHWHPSHUDWXUHLQIOXHQFHLQWRDFFRXQWRQHPHWKRGLVWRFRQVLGHUWKH
WHPSHUDWXUHGHSHQGHQF\RIHGG\FXUUHQWORVVZKLOHQHJOHFWLQJWKDWRIK\VWHUHVLVORVV7KHHGG\FXUUHQWORVV
FRHIILFLHQWLVUHODWHGWRWKHHOHFWULFDOUHVLVWLYLW\7KHUHODWLRQVKLSEHWZHHQUHVLVWLYLW\DQGWHPSHUDWXUHFDQEH
H[SUHVVHGDV ߩሺܶሻ ൌ ߩ బ்ሾ ?൅ ߙሺܶ െ ଴ܶሻሿ 
ZKHUHߩሺܶሻLV WKH UHVLVWLYLW\ DW WHPSHUDWXUH 7ߩ బ் LV WKH UHVLVWLYLW\ DW WKH EDVH WHPSHUDWXUH 7ߙLV WKH
WHPSHUDWXUHFRHIILFLHQWSURYLGHGE\PDQXIDFWXUHUV
7KHLURQORVVPRGHOFDQEHH[SUHVVHGDV݌୊ୣǡ் ൌ ݇୦݂ܤ୫ଶ ൅ ݇ୣ ?൅ ߙሺܶ െ ଴ܶሻ ݂ଶܤ୫ଶ  
%\DSSO\LQJWRWKHLURQORVVFDOFXODWLRQWKHSUHGLFWHGLURQORVVYDOXHVYDU\ZLWKWKHWHPSHUDWXUH7KH
WHPSHUDWXUHLQIOXHQFHRQLURQORVVFDQEHSDUWO\FRQVLGHUHG+RZHYHUVLQFHWKHWHPSHUDWXUHGHSHQGHQF\RI
K\VWHUHVLVORVVLVQRWWDNHQLQWRDFFRXQWWKLVPRGHOZLOOEHQRWYHU\DFFXUDWH)LJVKRZVWKHFRPSDULVRQVRI
WKHLURQORVVSUHGLFWHGE\0RGHODQG0RGHO7&5ZLWKPHDVXUHGLURQORVVDW&,WLVVKRZQWKDW
WKHDFFXUDF\RI0RGHO7&5LVVOLJKWO\EHWWHUWKDQWKDWRI0RGHODW&ZLWKWKHKHOSRIWKHWHPSHUDWXUH
GHSHQGHQWUHVLVWLYLW\+RZHYHUWKHLPSURYHPHQWRIDFFXUDF\ZLWK0RGHO7&5LVOLPLWHG)XUWKHUPRUHWKH
SUHGLFWHGLURQORVVXVLQJ0RGHO7&5ZLOOEHRYHUHVWLPDWHGDQGXQGHUHVWLPDWHGGUDPDWLFDOO\DWGLIIHUHQWIOX[
GHQVLWLHV7KLVLVFDXVHGE\WKHGLIIHUHQWWHPSHUDWXUHGHSHQGHQFLHVRIK\VWHUHVLVORVVHVZKLFKDUHQRWWDNHQ
LQWRDFFRXQWLQ0RGHO7&5
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
 F G
)LJ&RPSDULVRQRILURQORVVSUHGLFWHGE\0RGHODQG0RGHO7&5ZLWKPHDVXUHGLURQORVVDW&
D%P 79$
E%P 79$
F%P 79$
G%P 79$
,PSURYHGLURQORVVPRGHO
$FFRUGLQJWRWKHLQYHVWLJDWLRQFDUULHGRXWLQ6HFWLRQLWLVQHFHVVDU\WRWDNHWHPSHUDWXUHGHSHQGHQF\RI
ERWK K\VWHUHVLV DQG HGG\ FXUUHQW ORVVHV LQWR DFFRXQW LQ RUGHU WR DFKLHYH D JRRG DFFXUDF\ +RZHYHU WKH
PRGHOOLQJRIWHPSHUDWXUHGHSHQGHQF\RIK\VWHUHVLVORVVLVVRFRPSOLFDWHGWKDWLWZRXOGEHFRPHLPSUDFWLFDO
,QRUGHUWRDFKLHYHDJRRGDFFXUDF\ZKLOHNHHSLQJWKHPRGHOHDVLO\LPSOHPHQWHGDWHPSHUDWXUHGHSHQGHQW
FRHIILFLHQW݇୲ሺ݂ǡ ܶሻLVLQWURGXFHGWRWKHWRWDOLURQORVVLQWKLVSDSHU݌୊ୣǡ் ൌ ݇௧ሺ݂ǡ ܶሻ݌୊ୣǡ୘బ 
ZKHUH݌୊ୣǡ் LV WKH LURQ ORVV GHQVLW\ DW DFWXDO WHPSHUDWXUH 7݌୊ୣǡ୘బ LV WKH LURQ ORVV GHQVLW\ DW WKH EDVH
WHPSHUDWXUH 7݇୲ሺ݂ǡ ܶሻLV WKH WHPSHUDWXUH FRHIILFLHQW UHSUHVHQWLQJ WKH UDWLR RI WKH LURQ ORVV ZKHQ WKH
WHPSHUDWXUHLV7DQG7
%\ DSSO\LQJ  WR WKH H[LVWLQJ LURQ ORVV 0RGHO  WKH LURQ ORVV PRGHO FRQVLGHULQJ WHPSHUDWXUH
LQIOXHQFHFDQEHH[SUHVVHGDV݌୊ୣǡ் ൌ ݇୦ሺ݂ǡ ܤ୫ǡ ܶሻ݂ܤ୫ଶ ൅ ݇ୣሺ݂ǡ ܤ୫ǡ ܶሻ݂ଶܤ୫ଶ  
&RPSDULQJWKHLURQORVVPRGHOLQWKLVSDSHUDQGWKHLURQORVVPRGHOLQ>@WKHLUGLIIHUHQFHVFDQ
EH VXPPDUL]HG DV  ,Q WKH LURQ ORVV PRGHO RI >@ RQO\ WKH HGG\ FXUUHQW ORVV LV LQIOXHQFHG E\ WKH
WHPSHUDWXUH,QWKLVSDSHUERWKWKHK\VWHUHVLVDQGHGG\FXUUHQWORVVHVDUHLQIOXHQFHGE\WKHWHPSHUDWXUH,Q
WKHLURQORVVPRGHORI>@WKHWHPSHUDWXUHFRHIILFLHQWLVFRQVWDQW,QWKLVSDSHUWKHWHPSHUDWXUHFRHIILFLHQW
YDULHVERWKZLWK WKH WHPSHUDWXUH DQG IUHTXHQF\  ,Q WKH LURQ ORVV PRGHORI >@ WKH FRHIILFLHQWVD IRU
K\VWHUHVLVORVVDQGEIRUHGG\FXUUHQWORVVDUHFRQVWDQW,QWKLVSDSHUWKHFRHIILFLHQWVNKIRUK\VWHUHVLVORVVDQG
NH IRUHGG\ FXUUHQW ORVV DUH IXQFWLRQVRI IOX[GHQVLW\DQG IUHTXHQF\ ,W LV VKRZQ LQ >@ WKDW WKHYDU\LQJ
FRHIILFLHQWVPRGHOKDVEHWWHUDFFXUDF\WKDQWKHFRQVWDQWFRHIILFLHQWVPRGHO
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
$VVKRZQLQ)LJWKHLURQORVVYDULDWLRQZLWKWHPSHUDWXUHFDQEHDSSUR[LPDWHO\FRQVLGHUHGWREHOLQHDU
DVKDVEHHQLOOXVWUDWHGLQ6HFWLRQZKHQWKHIOX[GHQVLW\DQGIUHTXHQF\ZHUHFRQVWDQW7KXVWKHWHPSHUDWXUH
FRHIILFLHQW݇୲ሺ݂ǡ ܶሻFDQEHH[SUHVVHGDV݇୲ሺ݂ǡ ܶሻ ൌ  ?െ ሺܶ െ ଴ܶሻܦ 
ܦ ൌ ሺ݌୊ୣǡ୘బ െ ݌୊ୣǡ୘భሻ݌୊ୣǡ୘బሺ ଵܶ െ ଴ܶሻ  
ZKHUH݌୊ୣǡ୘భ LVWKHLURQORVVGHQVLW\ZKHQWKHWHPSHUDWXUHLV7' LVWKHLURQORVVYDU\LQJUDWHSHU&$
SRVLWLYHYDOXHRI'PHDQVWKDWWKHLURQORVVGHFUHDVHVZLWKWHPSHUDWXUHULVHZKLOVWDQHJDWLYHYDOXHRI'
LQGLFDWHVWKDWWKHLURQORVVLQFUHDVHVZLWKWHPSHUDWXUHULVH
7KHYDOXHVRI'DUHREWDLQHGIURPWKHPHDVXUHGLURQORVVDWWZRGLIIHUHQWWHPSHUDWXUHVZKHQWKHIUHTXHQF\
DQGIOX[GHQVLW\DUHIL[HG%\FKRRVLQJ7 &DQG7 &WKHSRLQWVLQ)LJDDQGEVKRZWKH
YDULDWLRQVRI'PHDVXUHGLQWKH9$DQG9$ODPLQDWLRQV,WFDQEHVHHQWKDW'YDULHVZLWKWKH
IOX[GHQVLW\GLIIHUHQWO\GHSHQGLQJRQZKHWKHUWKHIUHTXHQF\LVORZRUKLJK7KLVYDULDWLRQLVFDXVHGE\WKH
GLIIHUHQFH LQ WHPSHUDWXUH GHSHQGHQF\ RI K\VWHUHVLV ORVV DQG HGG\ FXUUHQW ORVV ZLWK IOX[ GHQVLW\ DQG
IUHTXHQF\ZKLFKKDVDOVREHHQH[SHULPHQWDOO\FRQILUPHGLQ>@>@DQG>@,QRUGHUWRHQVXUHWKDWWKH
PRGHO LV HDV\ WR LPSOHPHQW DQ HQJLQHHULQJ PHWKRG LV FDUULHGRXW WRSUHGLFW WKHYDOXHVRI' DV IROORZV
)LUVWO\WKHYDOXHVRI'DUHPHDVXUHGDWVHYHUDOGLIIHUHQWIOX[GHQVLWLHVDQGIUHTXHQFLHV6HFRQGO\WKHYDOXHV
RI'DWHDFKIUHTXHQF\DUHDYHUDJHGDVVKRZQLQ)LJ)LQDOO\WKHYDOXHRI'DWDQ\IUHTXHQF\FDQEH
SUHGLFWHGE\XWLOL]LQJFXUYHILWWLQJWRWKHDYHUDJHGYDOXHVDVVKRZQE\WKHGDVKHGOLQHVLQ)LJ
%DVHGRQWKHIRUHJRLQJPHWKRGDQLPSURYHGLURQORVVPRGHOLVGHYHORSHG7KHLURQORVVDWDQ\
RSHUDWLQJSRLQWLQWKHWHVWUDQJHFDQEHSUHGLFWHGE\PHDVXULQJWKHLURQORVVDWVHYHUDOSRLQWV,QRUGHUWR
HYDOXDWH WKH LPSURYHG LURQ ORVVPRGHO WKH PHDVXUHG DQGSUHGLFWHG LURQ ORVV DW7 LQ9$DQG
9$ODPLQDWLRQVZKHQWKHWHPSHUDWXUHLV&LVVKRZQLQ)LJ,WFDQEHVHHQIURP)LJWKDWZKHQ
WKH WHPSHUDWXUH FKDQJHV WR & WKH LPSURYHG PRGHO FDQ WUDFN WKH YDULDWLRQV RI LURQ ORVV SUHFLVHO\
)XUWKHUPRUHWKHDFFXUDF\RIWKHLPSURYHGPRGHOVLVEHWWHUWKDQWKRVHRI0RGHO7&5DQG0RGHO
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D E
)LJ0HDVXUHGDQGFDOFXODWHG'DWGLIIHUHQWIOX[GHQVLWLHV
D9$
E9$
 D E
 F G
)LJ&RPSDULVRQRILURQORVVSUHGLFWHGE\0RGHO0RGHO7&5DQGLPSURYHGPRGHOZLWKPHDVXUHGLURQORVVDW&
D%P 79$
E%P 79$
F%P 79$
G%P 79$
,URQ/RVV0RGHO9DOLGDWLRQ
,Q RUGHU WR HYDOXDWH WKH HIIHFWLYHQHVV RI WKH LURQ ORVV PRGHO  DW FRQVLGHULQJ WKH LQIOXHQFH RI
WHPSHUDWXUHRQLURQORVVSUHGLFWHGLURQORVVHVDWGLIIHUHQWIOX[GHQVLWLHVIUHTXHQFLHVDQGWHPSHUDWXUHVDUH
DQDO\]HGDQGFRPSDUHG
,QRUGHUWRGHPRQVWUDWHWKHGLIIHUHQFHEHWZHHQSUHGLFWHGYDOXHVDQGPHDVXUHGYDOXHVPRUHFOHDUO\WKH
UHODWLYHSUHGLFWLRQHUURULVLQWURGXFHGDQGGHILQHGDV݁ݎݎ ൌ ሺ݌୊ୣǡ୔୰ୣ െ ݌୊ୣǡ୑ୣୟሻȀ݌୊ୣǡ୑ୣୟ 
ZKHUHS)H3UHLVWKHSUHGLFWHGLURQORVVGHQVLW\S)H0HDLVWKHPHDVXUHGLURQORVVGHQVLW\
:LWK WKH KHOS RI WKH UHODWLYH SUHGLFWLRQ HUURU LW LV PXFK HDVLHU WR MXGJH ZKHWKHU WKH LQIOXHQFH RI
WHPSHUDWXUHLVFRQVLGHUHGHIIHFWLYHO\RUQRW7KHYDULDWLRQLQUHODWLYHSUHGLFWLRQHUURUZLWKWKHWHPSHUDWXUH
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